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costs, fluctuate significantly and do not support fixed regime probabilities over time. The probability of market integration with trade decreases consistently during food shortages, increasing either the probability of no trade or loss-making trade or the probability of profitable but unexploited trade opportunities. The data support a negative trend in market integration with trade.
In this paper, we investigate the measurement of market integration in domestic staple food markets in Malawi. Market integration is widely recognized as conducive to economic growth and poverty alleviation. A high degree of market integration implies smooth trade flows from surplus to deficit areas, improved transmission of price signals, less price volatility, production decisions that are made according to comparative advantage, gains from trade, and, hence, greater welfare. The increased integration of food markets in developing countries is considered to be of vital importance for agricultural transformation and economic growth (Fafchamps 1992 ).
Market integration is also crucial from the perspective of food security,. Many sub-Saharan countries face occasional food shortages as a result of crop failures caused by drought or other climatic hazards. A well-integrated market for staple food potentially offers a mechanism for reducing the adverse impacts of these shocks by quickly moving food from surplus to deficit areas. Conversely, poorly integrated markets, such as those due to an inadequately functioning trading infrastructure, can hinder a smooth solution to or even deteriorate food shortages. The potential benefits of market integration have long been recognized. Under the auspices of the World Bank and the IMF, developing countries have adopted policies toward market liberalization, including the liberalization of domestic staple food markets.
How is this liberalization of food markets progressing? In this context, the question arises of how to measure market integration. Popular approaches currently used to measure market integration focus on the co-movement of prices and make use of time-series techniques (cointegration, error correction and Granger causality). However, these approaches suffer from serious limitations. Attempts to link the measurement of market integration with spatial price equilibrium overcome these limitations (Baulch 1997a; Barrett 2001; Barrett and Li 2002; Park et al. 2002; Negassa and Myers 2007; Moser et al. 2009 ). With this alternative approach, known as the parity bounds model (PBM), probabilities for different regimes are estimated using a switching regression technique, and these probabilities characterize the market. A distinctive feature of Baulch's PBM is the incorporation of transaction costs. Transaction costs are not observed but are constructed by the extrapolation of a single observation of these costs.
In this paper, we propose a modification of the PBM. Instead of extrapolating fixed transaction costs, we estimate these costs. Furthermore, rather than estimating fixed regime probabilities for (a few) selected trade pairs using a switching regression technique, we propose a simple but economically justifiable technique of calculating regime probabilities that vary by location and time. This method allows us to track developments in market integration for any location in a network. Finally, and in contrast to previous work, we analyze and explain regime probabilities over the years. The empirical work is based on the Malawi maize market.
The paper is organized as follows. In section I, we discuss the empirical literature on market integration. In section II, we present a description of the Malawi economy, its maize market and maize trade. In section III, we propose a modification of the PBM. In section IV, we discuss estimation results of transaction cost equations, present calculated regime probabilities and explain variations in these regime probabilities. In section V, we present our conclusions.
<<A>>Market integration in the literature
In this section, we briefly discuss and assess the two major lines of research on market integration, notably research using the co-movement in spatial prices and research using spatial price equilibrium as its starting point. The section aims to highlight where this paper fits in the literature.
<<B>>Using co-movement in prices to assess market integration
A popular way to investigate market integration empirically is to use a time-series estimation of an equation that explains prices of one location using current and lagged prices of another location, employing the following formula:
= 0 + ∑ 1 − + , where ( ) is the price in location j (k) at time t, and ε is a random error. Market integration is determined by (the sum of) the coefficient(s) of prices, which should be equal to one for complete market integration (Law of One Price), or ∑ 1 = 1. Alternatively market integration is investigated by establishing that prices are integrated (~(0)) using appropriate cointegration tests. Extensions allow for lagged prices in both markets, distinguish between short-run and long-run adjustments using an error correction framework, make use of Granger causality, and allow asymmetric adjustments toward equilibrium. Models allowing asymmetric adjustments are known as threshold co-integration models. Empirical and methodological examples of time-series approaches to market integration are surveyed in Fackler and Goodwin (2001) , and recent examples include Lutz et al. (2007) and Abdulai (2007) .
There are several limitations to using the co-movement of prices for the study of market integration. Time-series techniques require the direction of trade to be fixed over time and cannot address trade reversals or discontinuities in trade. This issue is not trivial. Variations in production in rain-fed agriculture in developing countries are common and often large, and they may easily transform surplus areas into deficit areas from one crop year to another and back again with the accompanying trade reversals. Time-series techniques are also problematic if data are not complete, and incomplete data in developing countries' agriculture are the rule rather than the exception. The time-series approach also does not consider transaction costs. Because transaction costs often constitute a dominant component of market prices, especially in the case of staple foods with low production costs, omitting these costs will lead to flawed inferences.
Transaction costs also tend to fluctuate independently from producer prices, both over time and across locations. Monte Carlo simulations show that conventional tests of market integration based on the co-movement of prices are flawed (Baulch 1997b; McNew and Fackler 1997) . The disregard of transaction costs in time-series approaches and the need to adequately consider these costs has been highlighted in reviews (e.g., Fackler and Goodwin 2001) .
<<B>>Using spatial price equilibrium to assess market integration
One of the major limitations of approaches using the co-movement of prices is the lack of a theoretical foundation. A small body of empirical literature rejects the time-series approach on the abovementioned grounds and uses the Enke-Samuelson-Takayama-Judge spatial price equilibrium conditions as its starting point 1 . A seminal contribution is Baulch (1997a) , which builds on earlier work from Sexton et al. (1991) and Spiller and Wood (1986) . Following the competitive spatial price equilibrium conditions, Baulch (1997a) identifies three regimes in his PBM: in regime I, at the parity bounds, the price difference between two locations is exactly equal to the transaction cost ( − = ); in regime II, inside the parity bounds, the price difference between two locations is lower than the transaction cost ( − < ) and in regime III, outside the parity bounds, the price difference exceeds the transaction cost ( − > ), where tc kj represents the transaction cost of trading goods from k to j. Regimes I and II are consistent with competitive spatial price equilibrium and market integration. In the absence of adequate transaction cost data, Baulch (1997a) uses the observed transaction costs of a single cross-sectional observation and extrapolates them to all periods and all locations. These regimes are characterized by price differences less the extrapolated transaction costs. A switching regression technique is used to estimate the probabilities of the three regimes under the assumption of normally distributed errors within the parity bounds and half normally distributed errors above and below the parity bounds. The PBM is a flexible tool to diagnose market integration that overcomes the limitations of price co-movement techniques. 2 Extensions have focused on relaxing the assumption on the distribution of errors (Barrett and Li, 2002) , complementing the analysis with trade flow data (Barrett 2001; Barrett and Li 2002) , and shifts in probabilities (Park et al. 2002; Negassa and Myers 2007) . In this paper, we propose a modification of Baulch's original contribution (Baulch 1997a) and apply the proposed approach to the Malawi maize market.
<<A>>Facts and Figures on Malawi
Prior to explaining and applying the proposed modifications to the PBM, we present a description of the Malawi economy, its maize market, and its domestic maize trade. The description provides background information that supports several assumptions underlying the empirical application.
<<B>>The Malawi economy and the Malawi maize market
Malawi is a landlocked country in sub-Saharan Africa that measures more than 800 km from north to south and 100 to 170 km from east to west. It is bordered to the north and northeast by Tanzania, to the northwest by Zambia, and to the south, the southeast, and the southwest by Reported poverty rates vary from 70 percent in remote rural districts to 25 percent in urban centers.
In Malawi, maize is dominant in both production and consumption. It is the primary staple food of households. Between and 52 and 65 percent of the total per capita calorie intake is from maize (MVAC 2003) . Because of its higher population density, the south is the largest market for maize. Additionally, nearly all households-an estimated 97 percent-grow maize (IHS 2005) . The production of maize is undertaken by households on subsistence grounds, and 81 percent of the population in rural areas is classified as subsistence farmers (IHS 2005) . The availability of maize in the market is determined by the size of production and the degree of shortages, domestic maize prices peak to import parity levels or even exceed these levels.
Observed peaks in maize prices confirm this assessment. However, large maize price increases in 2008 were caused by other factors. Similar to the prices of most agricultural products, Malawi maize prices follow a distinct seasonal pattern, with highs at the end of the marketing season just before harvesting (January to March) and lows directly after harvesting (May to July). Increases from the minimum to the subsequent peak in market prices vary from 30 to 40 percent, which is very large in light of the importance of maize as a staple food for Malawi households.
The privatization of agricultural trade was accomplished in the 1980s and 1990s (Christiansen and Stackhouse 1989; Smith 1995 (Lall et al. 2009 ).
The maize trade in Malawi is undertaken by large farmers, small, medium, and large traders, wholesalers, maize processing firms, and ADMARC. Most district-to-district trade of maize is from farmers to small and medium traders and occasionally to larger traders and wholesalers. Approximately 75 percent of all traders buy directly from farmers and sell as retailers . Survey evidence indicates that less than 1 percent of all traders are involved in wholesaling as a stand-alone business. The dispersion of the size distribution of trader businesses and the prevalence of many small-scale businesses suggest constant returns to scale in trade . Evidence further suggests that the number of small traders operating in rural areas is increasing (Jayne et al. 2008 ). Trading channels vary by location, but without exception, only marginal quantities are sold to ADMARC. The bulk of the maize trade is in the hands of the private sector. There is a distinct pattern of trade over the season that is partly influenced by the timing of the harvest, liquidity constraints of farmers, and ADMARC's participation in the market (Jayne et al. 2008) .
By far the largest component of the cost of domestic maize trade is transport costs, with an estimated share of 48 to 57 percent of total transaction costs .
Transport costs in Malawi are high because the secondary road infrastructure (the so-called feeder roads) is not well developed (Lall et al. 2009 ). The quality of the major trunk road network (international routes) is good and is not a constraint, but for rural areas, the conditions are fundamentally different. Average unit transport costs per ton per kilometer from rural to urban areas are approximately 20 times higher than from urban to urban areas, which is caused by differences in the average distance (85 km in rural transport, more than 2000 km in international transport), the average truckload (2.5 tons in rural transport, more than 20 tons in international transport), the demand for transport services and the availability of backhaul cargo (Lall et al. 2009 ). The type of trucks used on the international routes is also not appropriate for transport in rural areas (Lall et al. 2009 ). Transport costs are also high because fuel for transport is expensive. The import and distribution of fuel for transport are managed by a parastatal of the Government of Malawi, which also sets pan-territorial pump prices. Domestic pump prices are high relative to import unit values and thus relative to world market prices, and they have . Because the scale of trading operations is closely related to the availability of working capital, traders put considerable effort in preventing working capital from being tied up in investments for long periods. In practice, this situation leads to the inefficient and costly back-to-back trade of small quantities. Therefore, and out of economic necessity, the turnover time of working capital is short. The average (median) number of days between purchase and sale is nearly eight days (three days), with approximately 45 percent of transactions completed within two days and less than 10 percent completed in more than 14 days 5 .
<<A>>Methodology
In this section, we explain the proposed adjustments to the PBM. A key element of this modification, the estimation of unit transaction costs, is extensively discussed. Next, we show how we measure market integration. Finally, we specify how we intend to explain fluctuations in market integration.
<<B>>Proposed adjustments to the parity bounds model
To investigate market integration, we propose a modification of Baulch's original contribution (Baulch 1997a ). In particular, we intend to model and estimate transaction costs. Transaction costs are postulated to be determined by transport costs, source costs, destination costs, trade pair costs, trends, and seasonality. We use predictions of transaction costs to calculate regime probabilities. To our knowledge, there is no behavioral regularity or theory that justifies the estimation of fixed regime probabilities. Therefore, our next contribution is to allow for the possibility that regime probabilities fluctuate over time and to conjecture that these fluctuations are informative. For this purpose, we exploit all available information in a network of trade, calculate the indicator of market integration (pt j -pt k -tct kj ) for each trade pair in each location and period, and track fluctuations in resulting regime probabilities over time for each location. The final contribution of this study is to proceed beyond merely measuring market integration and to explain developments in regime probabilities
6
. In particular, we investigate how regime probabilities correlate with food shortages and trend developments after controlling for district fixed effects.
<<B>>Empirical specification of transaction costs equations
What are the determinants of transaction costs? The largest component of transaction costs involves transport costs. We use transport fuel prices as an approximation of unit transport costs.
Pump prices of transport fuel in Malawi are pan-territorial: they vary over time, not between locations. Another aspect of unit transport costs is related to the distance between locations.
Distance may account for costs, such as information costs, search costs, economies of scale and scope, road-block costs, and bribes. Therefore, the distance between locations is used to approximate these transport costs. Partial derivatives with respect to transport fuel price and distance are expected to be positive because costs in competitive markets will be passed on.
Transaction costs are partly related to the location where the merchandise is sourced.
These costs are associated with the collection of information, the collection, bagging, loading, and storage of staple food and interest on working capital. Likewise, transaction costs are partly related to the location where the merchandise is sold, the destination market. Examples of these costs are information costs, costs of unloading, taxes, and levies on transactions, market fees, and quality and weight verification costs. In the estimation of unit transaction costs, we control for source costs and destination costs by including a set of seller and buyer dummy variables. Seller and buyer dummies are binary variables with a value of one for a specific buyer or seller and zero elsewhere. In the empirical estimations, we make use of district data: the district maize balance establishes whether a district is a buyer of seller district (see below).
To capture developments in road infrastructure and road quality, developments in transportation technology, changes in the structure of the trading sector, and developments in telecommunication infrastructure, a general trend variable is included. The trend variable takes a value of one at the start of the sample period and increases by one each period. Partial derivatives with respect to trends are expected to be negative, reflecting cost reductions caused by structural There is a distinct seasonality in maize prices. Because the domestic maize trade is determined by maize prices in different locations, it is likely that seasonality in maize prices also translates into seasonality in transaction costs. Therefore, a set of monthly dummy variablesbinary variables with a value of one for a specific month and zero elsewhere-is included to account for seasonality in transaction costs.
To further generalize the specification, we allow for seller-specific and buyer-specific seasonal patterns by interacting monthly dummies with seller and buyer dummies. The estimated equation is summarized as follows:ln (
where tc kj is the transaction cost of trading goods from k to j; dis kj is the distance between location j and k; p f is the transport fuel price; trend is a trend variable; μ k , ν j , and δ m are seller, buyer, and monthly fixed effects; λ km , and τ jm are seller-monthly and buyer-monthly fixed effects;
and ε kj is an error term with a zero mean and a constant variance (ε kj ∼(0,σ 2 )) 7 .
<<B>>Selecting price differences for estimation of unit transaction costs
Observations of unit transaction costs are inferred from observed price differences or, more precisely, a subsample of these observed price differences. We assume competitive markets of maize and domestic trade services and profit-maximizing traders 8 . Under competitive conditions with nonzero trade flows between buyer and seller locations, a positive price difference is exactly equal to unit transaction costs:
Therefore, for each trade pair in each period, we must find exogenous conditions that are likely to correspond with competitive equilibrium with positive trade flows. First, because only positive transaction costs allow an economic rationalization for trade, we only consider positive price differences between locations. Next, we assume that trade flows are most likely to occur from surplus to deficit locations or from potential export locations to potential import locations. Under subsistence farming, the possibility of export and the need to import are determined by the previous season's production of maize available at the start of the marketing year relative to the expected requirements of maize for consumption in the course of the marketing year. Production above (below) the required level characterizes a potential exporter (importer) or a surplus (deficit) location. The second condition for selecting observations of price differences that are likely to be equal to transaction costs is that we formally restrict the price differences to those trade pairs that connect surplus with deficit locations where potential surplus and deficit locations, respectively, satisfy the following conditions:
where Q 0 is the available annual production of maize from the previous crop year at the start of the marketing year; fr mt is the maize consumption requirement in month m for the current marketing year; φ is the excess over the maize requirements above which exports are triggered; i is the location; t is the year; and E is the expectation operator.
The available production of the previous season is known, and the expected maize consumption requirements are a transformation of population size, daily calorie intake, and dietary preferences (see appendix for details). We assume that there is no carry-over of maize between crop seasons, either because home production is fully exhausted or because surplus production is sold to satisfy the cash needs of households (see e.g. reports of the Malawi Vulnerability Assessment Committee). Additionally, despite abundantly available storage capacity (Kutengule et al. 2006 ), liquidity constraints, credit constraints, high interest rates, and a shortage of working capital make arbitrage between crop seasons economically unattractive and thus uncommon (see also the previous section). We assume that production must exceed total requirements with a number of months of food requirements (φ), in order to trigger exports and we explore the sensitivity to different values of φ.
A countrywide food shortage is likely to disturb normal trading patterns. Food shortages lead to large price increases, which induce speculative and rent-seeking behavior on the supply side. In addition, food shortages give rise to inflows of food aid. Such inflows affect price formation in unpredictable ways. Both factors increase uncertainty in market prices, may lead to erratic price movements and create distress among producers, traders, and consumers.
Conversely, regular patterns of domestic arbitrage trade prevail in periods when the production of staple food is sufficient to meet the requirements of the entire population. For these reasons, we condition the sample of price differences for the estimation of transaction costs on a countrywide maize surplus. Formally this condition can be written as follows:
Both the theoretical and empirical literature emphasize transaction costs, mainly transport costs, as the key determinant of the decision of households to sell produced staple food on the market (Key et al. 2000; Fafchamps and Vargas Hill 2005) . Assuming that the production level of maize is sufficient to feed the entire population, and assuming that the cultivation of maize occurs throughout the country (see the previous section), economizing on transaction costs is achieved by trading with the closest possible locations. Survey evidence also suggests that domestic short distance trade is very costly (Lall et al. 2009 ) and that agricultural merchandise is only traded, on average, over moderate distances ). This implies the following:
where m kj is the trade flow from k to j, dis kj is the distance between j and k and dis max is the maximum distance of trade transactions.
In summary, we obtain observations of unit transaction costs-or a sample of price differences, which are likely to be equal to unit transaction costs-by conditioning price differences as follows:
<<B>>Measurement of market integration
Once we have estimates of transaction costs, the measurement of market integration and other regimes is straightforward. The indicator of market integration is the price difference minus the predicted transaction cost − − � . We calculate the market integration indicator − − � for each trade pair, in each location and in each period; hence, for all j≠k, for all t, and for both buyers and sellers (districts). For a typical seller or seller district, spatial price differences and, thus, market integration indicators will be negative. In a network with n locations, this results in n-1 indicator values per location and per period. We suggest that movements in the distribution of the market indicator values for a specific location are informative about the changes in the operation of the market of that location. In line with Baulch,
we identify three regimes for each location j, empirically calculated as follows:
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and regime probabilities for location j at time t are defined as follows:
where s is regime I, II, or III, and ( ) is the number of cases of regime (s) in location j at time
t.
To attribute observations to regimes, we must specify a value of κ. What is a value of κ that can be justified? Only one of the components of the market indicator ( − − � ), notably unit transaction costs, is estimated; the other two, the prices in both locations, are observed.
Therefore, the standard deviation of the market indicator is equivalent to the standard deviation of estimated unit transaction costs. Consequently, to find the values of the market indicator at the parity bounds and thereby attribute observations to all three regimes, it appears rational to use a cut-off value of κ equal or proportional to the standard deviation of estimated transaction costs.
Once we have a numerical value for κ, we can calculate regime probabilities for each location and each period by dividing the number of observations of each regime by the total number of trade pairs in each location, following equation (10). A regime probability of 100 percent signifies that the location (district) is fully characterized by this regime. The incidence of a regime is proportional to its probability. By definition, the three regime probabilities total 100 percent and thus are not independent.
<<B>>Explaining market integration
The developed strategy for constructing regimes has little to offer in explaining regime fluctuations and in measuring the importance of different determinants. At this stage, we can only describe regularities in observed patterns and speculate about their causes. Nevertheless, we are eager to learn how the regime probabilities of deficit districts behave, especially during periods of food shortages. How can we design a strategy to identify causes and explain fluctuations in regime probabilities? Although a full-fledged identification strategy is beyond the current work, we can derive insights from estimating simple correlations. On the basis of inspection of the figures (see below), we conjecture that regime probabilities are correlated with food shortages. Therefore, we propose to estimate regime probabilities of deficit districts on a constant, a food shortage dummy, a trend, buyer fixed effects, and buyer-food shortage fixed effects. In formula this yields 9 :
where fs t is a binary dummy for a food shortage in period t (fs=1 under a food shortage and fs=0 elsewhere), ν j are buyer fixed effects and γ j x fs t , are buyer food shortage fixed effects 10 . Food shortages are defined as periods in which the aggregate production of staple food is insufficient to meet the requirements of the entire population (∑ 0 < ∑ ∑ ( ); see also equation (4)).
<<A>>Estimations of transaction costs and market integration
In this section, we present and discuss the estimation results of transaction cost equations.
Subsequently, we assess these estimation results on the basis of survey data of traders. We continue with presenting selected regime probabilities computed on the basis of predicted transactions costs. The section is completed with estimations that attempt to explain fluctuations in regime probabilities.
<<B>>Estimation of transaction cost equations
To apply the proposed approach, we use Malawi district-level monthly maize price data complemented with other variables over the period from June 1999 to October 2009 (see appendix for details). The district is the unit of observation: buyer (seller) or deficit (surplus) locations refer to deficit districts (surplus districts), where the difference between district production and district requirements determines whether a district is a seller district (production -requirements > 0) or a buyer district (production -requirements < 0). For the estimation of transaction cost equations, we use the specification proposed in equation (1) conditioned on a selection of observations specified in equation (6). For comparisons over time, unit transaction costs and fuel prices are deflated with the Malawi consumer price index. Additionally, the unit transaction cost, distance, and fuel price are transformed into natural logarithms. parameters: minimum per person per day caloric intake (2200 or 2300 kcal), excess production over requirements above which district exports are triggered (two or four months of maize requirements, respectively; φ in equation (3a)), and the distance above which domestic trade is unlikely to occur (200 or 300 km). The table reports transaction cost estimations on the basis of district maize prices from June 1999 to October 2009. Estimation is by OLS (district fixed-effect estimations are available from the author on request). The transaction cost and fuel price are deflated with the Malawi consumer price index. The sample is restricted to observations below a maximum distance. Absolute t-statistics are given in parentheses (.) below the coefficient. We do not report the coefficients and t-values of the constant term and dummy variables. Columns reflect different assumptions with respect to the minimum per person per day calorie intake (either 2200 or 2300 kcal), excess supply over requirements before districts start to export (either two-or four-month district requirements; see also φ in equation (2a)), and maximum distance, the distance beyond which trade is assumed to be unlikely (either 200 or 300 km).
The We attribute the rejection of equality for shares to the difference in the type of data used for this exercise. Survey data on purchase and sale prices reported by traders are (and should be)
well below market prices. The available evidence indicates that market prices, on average, are 9 to 38 percent above the sales prices reported by traders. In addition, the trader data refer to a single completed trade transaction. Such documented transactions are likely to bias transaction costs upward. The observed differences between purchase and sales prices in the survey data also contain a component of trader profit that is not well captured in the estimations. Conversely, monthly aggregate district market prices are averages computed over one month and a range of transactions among a range of traders and other market participants. The process of aggregation will dampen fluctuations between different locations; likewise, estimates of unit transaction costs and transaction costs relative to sales prices on the basis of aggregate price data will be lower.
Despite the clear rejection of the equality of shares, we find that the test reported in table 2 indicates that levels of predicted unit transaction costs and survey observations of unit transaction costs are of the same order of magnitude. Therefore, we conclude that predicted unit transaction costs may be considered good approximations for the assessment of market integration.
<<B>>Calculated regime probabilities
With projected unit transaction costs, we can calculate the value of the market indicator, the price difference less projected transaction costs, for each location (and thus for both directions of trade) and for each month. A summary presentation of the results, the density function of the market integration indicator shown in figure 2, aggregates observations over months and buyer districts, partitioned into regions and periods with and without food shortages. The area under the density functions and below -κ, above +κ and between -κ and +κ characterizes the incidence of the various regimes. 
<<B>>Food shortages and market integration
We proceed with the explanation of variations in regime probabilities proposed in the previous section and estimate regime probability equations for urban areas and for rural deficit districts by region, following equation (11) (see table 3 ). To account for the mutual dependency of regime probabilities (the sum of the probabilities is one), we estimate using Seemingly Unrelated Regression 15 . (7) to (9)). Estimation is by Seemingly Unrelated Regression. Values of regime probabilities are never at the lower limit (0) or upper limit (1); therefore, there is no need to control for censoring of the dependent variable. Absolute z-statistics are given in parentheses (.) below the coefficient.
The results in table 3 indicate that the average probability is between 43 and 54 percent for regime I (integrated markets with positive trade flows), between 12 and 44 percent for regime II (integrated, without trade or with loss-making trade), and between 13 and 38 percent for regime III (not integrated, profitable but unexploited arbitrage opportunities). The average probability of regime II appears to be relatively high in the rural north (and rural south), which may be a reflection of relatively high transaction costs. Both urban and rural central areas have relatively high average probabilities for regime III. In all regions, the sum of the regime II and regime III probabilities-thus, the probability of not being in regime I (integrated markets with positive trade flows)-is between 46 and 57 percent 16 .
Food shortages are consistently associated with lower regime I probabilities, with an average decrease due to food shortages of 15 to 24 percent points. The complement of this decrease in the probability of regime I is less consistent: in the northern region, the decrease in regime I probability coincides with an increase of the regime II probability, whereas in the rural central and rural southern regions, this decrease coincides with an increase in the regime III probability. In urban centers, food shortages decrease the regime I probability and increase the probabilities of regimes II and III. In addition, the common trend is consistently and significantly negative in the case of regime I probabilities. This common negative trend is the largest in the northern and southern regions. Conversely, a positive common trend in regime II dominates in rural central and urban districts and is insignificant elsewhere. A positive common trend in regime III is observed in the rural north and the rural south, and a negative common trend in regime III is observed in urban districts.
It is not easy to evaluate these results as reflections of the increasing integration of markets and the successful liberalization of the domestic trading sector. On the contrary, the level of fully integrated markets with positive trade flows (regime I) is moderate at best (approximately 50 percent), whereas food shortages are shown to have a substantial and significant negative impact, and trends are consistently negative and significant. The food shortage impact suggests that markets fail when we most need them to function well. Finally, trend developments in regime probabilities away from market integration with positive trade flows are also not very comforting.
Our reading of the empirical evidence presented in this paper is as follows. In periods of relative abundance, when district production is sufficient to meet district demand, there is limited need to trade to feed people. Furthermore, trade is seldom profitable, with prices similar and close to production costs in most districts and with high costs of trade. Without food shortages and without the threat of a humanitarian disaster, districts tend to move into autarky, and subsistence households remain subsistence households. The limited trade that takes place under these conditions can easily be serviced by the generally poorly developed trading infrastructure.
Alternatively, in periods of food shortage, districts are forced to trade with each other in an environment that lacks an adequate trading infrastructure for larger volumes, to make large outlays on transport and to embark on uncommonly practiced and expensive district-to-district trade to remote rural areas, which is even more expensive because of the covariance of food shortages and congestion in trade. These circumstances induce (even) high(er) transaction costs, which lead to loss-making trade or block trade despite attractive trade opportunities.
<<A>>Summary and Conclusion
We have investigated the measurement of market integration in staple food markets in Malawi.
Consistent with competitive spatial market equilibrium and in the tradition of the PBM, we assess market integration by calculating the spatial price difference minus transaction costs. Transaction costs are predicted on the basis of estimations of transaction cost equations. Estimated transaction cost equations consider transport costs, fixed source costs, fixed destination costs, seasonality, and technological and structural change. Empirical transaction cost estimates are well behaved in the key explanatory variables, and the predicted unit transaction costs are of the same order of magnitude as those reported in survey data. With the help of predicted transaction costs, we compute the distribution of market indicator values for each location and assess market integration.
The presented evidence on market integration indicates that regime probabilities are not fixed.
The probabilities of integrated markets consistently and substantially decrease during food shortages, increasing either the probability of no trade or loss-making trade or the probability of profitable but unexploited trade opportunities. The data further support a significant negative trend in market integration with trade. If we control for food shortages, the average probabilities of market integration with trade are moderate.
With regard to policy implications, the results suggest targeting both high transaction costs and spatial market inefficiencies. Transaction costs can be reduced by improving the physical infrastructure for trade, by lowering taxes and prices that directly affect trading costs, by removing regulations that create a burden on trade, and by establishing regulations supporting trade.
Market inefficiencies can be addressed by improving the market orientation of players in the market.
APPENDIX <<A>>Data sources and data construction
We use monthly price data by district or Rural Office of Malawi, which differentiates between consumer price index numbers for urban and rural areas. Prices of fuel for transport are pan-territorial domestic prices of diesel at the pump,
